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SWITCH ARCHITECTURE USING MULTIPLE CROSSBARS 

BACKGROUND OF THE INVENTION 

Technical Field of the Invention 

The present invention relates to communication switches and, more 
particularly, to an ethernet switch architecture. 

Description of Related Art 

Ethernet is the most popular physical layer LAN technology in use today. 
Ethernet is popular because it strikes a good balance between speed, cost and ease 
of installation. These benefits, combined with wide acceptance in the computer 
marketplace and the ability to support virtually all popular network protocols, 
make Ethernet an ideal networking technology. The Institute for Electrical and 
Electronic Engineers (IEEE) defines the Ethernet standard as IEEE Standard 802. 
This standard defines rules for configuring an Ethernet network as well as 
specifying how elements in an Ethernet network interact with one another. 
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In a communications device, such as a network switch, data units are 
received on ports which are typically coupled to a switch matrix, otherwise 
referred to as a crossconnect or crossbar. The received data units are forwarded 
from the respective ports of the crossbar switch to one or more other ports 
coupled to the crossbar switch. In a typical network switch, the ports are disposed 
on printed circuit boards or chips and the crossbar switch is likewise disposed on 
a chip. 

A crossbar switch has the characteristics of being able to effectively 
couple an input data stream appearing at any specified one of the crossbar switch 
ports to one or more crossbar switch output ports. 

As communication systems evolve toward using embedded switches as a 
backbone, it becomes necessary to be able to extend the connectivity to this 
backbone. One approach is to aggregate lower level ethernet links into higher 
level aggregation switches. Within a telecom system, rack space is at a cost 
premium. Therefore, it is beneficial from a cost, power, and management 
perspective to provide a maximum number of ports into the minimum rack space. 
Generally, single unit ethernet switches offer a total of 12 ports which limits the 
number of ethernet links (additional racks) that can be aggregated. Thus, the 
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number of expansion racks in a Soft-Switch, for example, are limited by the 
availability of only 12 ports. 

A commonly used crossbar chip is the GT-48304 12 port crossbar by 
Galileo Technologies, a Marvell Company. As interconnects are increased, the 
design complexity inhibits the manufacture of crossbar chips with more port 
availability, thus, larger and more expensive solutions (e.g. a multi-card chassis) 
are used to increase port density. Therefore, there exists a need for a novel 
architecture for increasing port availability with more acceptable cost, power and 
space requirements. 
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SUMMARY OF THE INVENTION 



The present invention achieves technical advantages of an apparatus, 
system and method of maximizing the number of ports for a communication 
switch. First, second and third M port crossbars are arranged to provide a 
crossbar with an increased number of ports available for the communication 
switch. K ports of the first M port crossbar are coupled to respective sets of K 
ports of second and third M port crossbars via interconnect buses. Further, K 
ports of the second and third M port crossbars are coupled together via 
interconnect buses, resulting in L ports on each the M port crossbars remaining 
available for input and output signaling to and from the communication switch, in 
whichM>L>K. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention, reference is 
made to the following detailed description taken in conjunction with the 
accompanying drawings wherein: 

Figure 1 illustrates an integrated 12 port crossbar chip; 

Figure 2 illustrates an arrangement of 12 port crossbar chips 
interconnected to form an 18 port crossbar in accordance with an exemplary 
embodiment of the present invention; and 

Figure 3 illustrates an ethernet switch with ethernet controllers coupled to 
each port of the 18 port crossbar illustrated in Figure 2. 
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DETAILED DESCRIPTION OF THE INVENTION 

The numerous innovative teachings of the present application will be 
described with particular reference to the presently preferred exemplary 
embodiments. However, it should be understood that this class of embodiments 
provides only a few examples of the many advantageous uses and innovative 
teachings herein. In general, statements made in the specification of the present 
application do not necessarily delimit any of the various claimed inventions. 
Moreover, some statements may apply to some inventive features, but not to 
others. 

Port density in switching has become a high priority in most 
communication system designs. That is to say, increasing port density for fast 
ethernet and gigabit ethernet, for example, while maintaining the same rack space 
1.0-1.5 U form factor with 19 inch rack-mount form factor currently used in the 
industry) as current 24+2 systems (24 fast ethernet ports with two gigabit ethernet 
uplinks) has become the battleground for future switching systems. 

Some systems currently provide 12 port gigabit ethernet switches in a 1.0- 
L5 U form factor with the 19 inch rack-mount form factor utilizing a 12 port 
crossbar chip such as shown in Figure 1 as item 110, for example, Galileo 
Technology's advanced GT-48304. The ports are numbered as 1-12. Though this 
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arrangement can be realized in 1U form factor, it is limited to 12 ports of full wire 
speed gigabit ethernet. Further, current solutions greater than 12 ports must 
generally be implemented within a multi-card chassis which is expensive and 
typically occupies more than 4 U form factor within the 1 9 inch rack-mount form 
factor. 

Referring now to Figure 2, there is illustrated an 18 port crossbar 
architecture 200 in accordance with an exemplary embodiment of the present 
invention. The external connection ports are numbered 1-18. Three 12 port 
crossbar chips 110 are arranged in a 3 -way interconnected configuration which 
advantageously increases the port availability while minimizing impact to 
throughput and number of crossbars. Six separate ports from each of the 12 port 
crossbar chips are used for interconnects to the other 12 port crossbar chips 
resulting in an 1 8 port crossbar 200. 

More particularly, three ports from a first 12 port crossbar chip 110 are 
individually coupled to three respective ports on a second 12 port crossbar chip 
110. Three other ports on the second crossbar chip are individually coupled to 
three respective ports on a third crossbar chip 110. Further, three other ports of 
the third crossbar chip are individually coupled to three respective further ports on 
the first crossbar chip. Thus, six ports remain available on each of the 12 port 
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crossbar chips (for a total of 18 available ports). An input at any of the 18 ports 
can be routed to any of the other 17 ports, via one or more of the crossbars. 
Compatible chip-to-chip or box-to-box buses 205 are used to interconnect the 
individual ports. 

In at least one embodiment, Galileo Technology's advanced GT-48304 12 
port crossbar chip is used for each of the crossbar chips 110. Further, in some 
embodiments, a compatible conventional Galileo Technology G.Link bus is used 
to interconnect the ports in the aforementioned manner. This arrangement of GT- 
48304 chips advantageous results in an 18 port crossbar. It should be appreciated 
that similar Galileo 12 port crossbar chip models can be incorporated into an 
embodiment of the present invention as can be similar 12 port crossbar chips from 
other chip manufacturers. 

Currently, Galileo Technology offers a compatible G.Link bus operating 
at approximately 2.88 Gbits/sec full duplex (approximately 1.44 Gbits/sec for 
each communication direction) for chip-to-chip connection. In an embodiment 
using the GT-48304 chip and the 2.88 Gbits/sec G.Link bus, it can be seen that 
the resultant 18 port crossbar can experience some blocking. To determine if a 
switch is blocking or non-blocking, take a switch's specification and add up all 
the ports at theoretical maximum speed to obtain the theoretical sum total of the 
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switch's throughput. If the switching bus or other components cannot handle the 
theoretical total of all output ports, the switch is considered a "blocking switch". 
For most applications, a blocking switch can be designed to have acceptable and 
reasonable throughput level. 

For example, an eight port 10/100 switch can theoretically handle 200 
Mbits/sec (full duplex) for each port for a theoretical total of 1600 Mbits/sec or 
1.6 Gbits/sec. However, if it is determined that actual conditions require only 
50% utilization of each port, then a 800 Mbits/sec switching bus is adequate. 

Theoretically, an 18 port gigabit switch can handle 2 Gbits/sec (full 
duplex) for each port for a total of 36 Gbits/sec. A 50% utilization of each port 
would require only a 18 Gbits/sec switching bus. 

The switching bus of the ethernet switch illustrated in Figure 2 has a 
throughput of approximately 26 Gbits/sec (Ml duplex) versus the theoretical 36 
Gbits/sec. While the illustrated switch does experience some possible blocking, 
the novel bus arrangement has enabled a port count increase from 12 to 18 ports 
while minimizing the impact to throughput and need for additional crossbars. 
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Referring now to Figure 3, there is illustrated an ethernet switch including 
an 1 8 port crossbar arrangement in accordance with an exemplary embodiment of 
the present invention. Three GT-48304 crossbar chips 110 are interconnected as 
aforementioned via compatible 2.88 Gbits/sec G.Link buses advantageously 
resulting in an 18 port crossbar 200 as illustrated in Figure 2. Each of the 18 ports 
can be coupled to ethernet controllers 305, This expanded flexibility enables 
more expansion racks to be added, for example, to a soft-switch without having to 
add more aggregation switches. 

In at least one embodiment, the ethernet controllers 305 comprise Galileo 
Technology's gigabit ethernet controllers such as Galileo Technology's GT- 
48360. A GT-48360 can be coupled to each of the 18 available ports via an 
appropriate G.Link bus 306. Each ethernet controller 305 can subsequently be 
coupled to the switch fabric at 310 through, for example, a PHY communication 
layer. This advantageous arrangement of ethernet controllers and 12 port crossbar 
chips provides a minimally blocking 18 port gigabit ethernet switch with a 
minimum number of 12 port crossbar chips. Also, the ethernet switch of the 
present invention is configurable in a conventional 1 .0-1 .5 U rack space. 

Although an 18 port gigabit switch architecture is realized in the foregoing 
examples using 12 port crossbars that each have a total of 6 ports connected to 
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other 12 port crossbars, leaving 6 ports available on each 12 port crossbar, the 
invention can be used to realize other multi-port architectures using M-port 
switches that each have a total of (2 x K) ports connected to other M-port 
switches, leaving L ports available on each M port switch, where M > L > K. So, 
in the illustrated embodiments, M = 12, L = 6 and K = 3. 

Although a preferred embodiment of the method and system of the present 
invention has been illustrated in the accompanied drawings and described in the 
foregoing Detailed Description, it is understood that the invention is not limited to 
the embodiments disclosed, but is capable of numerous rearrangements, 
modifications, and substitutions without departing from the spirit of the invention 
as set forth and defined by the following claims. 
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